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UNDERWATER WIDE-BAND ELECTRO ACOUSTIC 
TRANSDUCER AND PACKAGING METHOD 

BACKGROUND OF THE INVENTION 

Field of Invention 

[0001] The present invention relates to an electroacoustic transducer and a 

packaging method for the transducer. More particularly, the present invention relates to 
an underwater wide-band electroacoustic transducer and a packaging method for the 
transducer. 

Description of Related Art 

[0002] Typical active electroacoustic transducer has a tonpilz shape design. Fig. 

1 is a schematic diagram showing the side view of a conventional tonpilz-shaped 
electroacoustic transducer. As shown in Fig. 1, the tonpilz-shaped transducer 100 
consists of a plurality of identical dimension piezoelectric ceramic units 102. The 
piezoelectric ceramic units are chained together using prestress bolt (not shown). Fig. 2 
is a graph showing the frequency response of the transducer in Fig. 1 . As shown in Fig. 2, 
a tonpilz-shaped transducer comprising of a series of identical dimension piezoelectric 
ceramic units can have a single resonance frequency only. Hence, an assembly of 
identical dimension piezoelectric ceramic units 102 only works in a neighborhood close to 
the resonance frequency. In other words, the transducer has a narrow frequency 
bandwidth. 
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[0003] To improve the operating frequency of the tonpilz-shaped transducer 100, a 

matching layer 104 is often added to the front end of the transmitting surface. Fig. 3 is a 
schematic diagram showing the side view of a conventional tonpilz-shaped transducer 
having a matching layer thereon. The matching layer 104 at the front end of the 
5 transmitting surface serves to increase operating bandwidth. Fig. 4 is a graph showing 
the frequency response of the transducer shown in Fig. 3. As shown in Fig. 4, the 
y. frequency response has a few peaks. However, material for fabricating the matching 
O layer 104 is difficult to find and the manufacturing process is generally complicated. 
HI [0004] In general, a tonpilz-shaped transducer is a package assembled together 

*ff 10 using compressed rubber pieces. Hence, a relatively large compressive force is often 
J\ required during the assembling process. However, the ceramic unit is usually formed by 

y* powder sintering method and thus has moderate strength only. The exertion of too much 

ft j 

Q pressure may cause unnecessary damages to the piezoelectric ceramic units. Moreover, 
even an electroacoustic transducer design that incorporates a matching layer still fells short 
15 of the target of having an operating frequency bandwidth over several octaves. 

SUMMARY OF THE INVENTION 
[0005] Accordingly, one object of the present invention is to provide an underwater 

wide-band electroacoustic transducer and a packaging method for the transducer. The 
20 transducer includes several groups of piezoelectric ceramic units each having a different 
resonance frequency whose distance of separation is finely adjusted for maximum 
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bandwidth. Moreover, injection-molding method replaces direct compression of rubber 
during component assembly. 

[0006] To achieve these and other advantages and in accordance with the purpose 

of the invention, as embodied and broadly described herein, the invention provides an 
underwater wide-band electroacoustic transducer. The electroacoustic transducer 
includes several groups of piezoelectric ceramic units and an acoustic plastic. Each group 
of piezoelectric ceramic units has a different dimension and separates from a neighboring 
group by a different distance. Each group of piezoelectric ceramic units contributes a 
frequency response curve so that together they constitute a frequency response curve with 
a wide bandwidth. The acoustic plastic is used as an injection-molding compound for 
joining various piezoelectric ceramic units together into a package. 
[0007] This invention also provides a method of assembling an underwater wide- 

band electroacoustic transducer. The underwater wide-band electroacoustic transducer 
comprises of several groups of piezoelectric ceramic units and acoustic window material. 
To produce the underwater wide-band electroacoustic transducer, groups of piezoelectric 
ceramic units each having a different dimension are assembled with each ceramic unit 
separated from each other by different distances. The frequency response of each ceramic 
unit groups are banded together to produce a package having a wide-band frequency 
response. The acoustic window material is injected to join the ceramic unit groups 
together into a package. Thus, groups of ceramic units each having a different dimension 
and distance of separation from their neighboring groups are assembled into a package 
having a wide-band frequency response. 
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[0008] It is to be understood that both the foregoing general description and 

the following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and constitute a part of this 

O specification. The drawings illustrate embodiments of the invention and, together with 

G 

ft the description, serve to explain the principles of the invention. In the drawings, 

% 10 [0009] Fig. 1 is a schematic diagram showing the side view of a conventional 

™ tonpilz-shaped electroacoustic transducer; 

S 

m [0010] Fig. 2 is a graph showing the frequency response of the transducer in Fig. 1; 

FU [00 1 1] Fig. 3 is a schematic diagram showing the side view of a conventional 

n 

^ r tonpilz-shaped transducer having a matching layer thereon; 

15 [0012] Fig. 4 is a graph showing the frequency response of the transducer shown in 

Fig. 3; 

[0013] Fig. 5 is a schematic diagram showing the side view of an underwater wide- 

band electroacoustic transducer according to this invention; 
[0014] Fig. 6 is a graph showing the simulated transmitting response of an 

20 electroacoustic transducer having four groups of piezoelectric ceramic units; 

[0015] Fig. 7 is a graph showing the simulated transmitting response of an 

electroacoustic transducer having three groups of piezoelectric ceramic units; 
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[00 1 6] Fig. 8 is a graph showing the simulated transmitting response of an 

electroacoustic transducer having three groups of piezoelectric ceramic units altogether but 
with one group of piezoelectric ceramic units having a dimension only half of the 
remaining groups; and 

[0017] Fig. 9 is a graph showing the actual transmitting response obtained by 

testing an electroacoustic transducer having four-group piezoelectric ceramic units and 
fabricated according to this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[00 1 8] Reference will now be made in detail to the present preferred embodiments 

of the invention, examples of which are illustrated in the accompanying drawings. 
Wherever possible, the same reference numbers are used in the drawings and the 
description to refer to the same or like parts. 

[0019] Fig. 5 is a schematic diagram showing the side view of an underwater wide- 

band electroacoustic transducer according to this invention. The underwater wide-band 
electroacoustic transducer 500 comprises of several groups of piezoelectric ceramic units 
502 (indicated as CI, C2, C3 and C4 in Fig. 5, i.e. four groups of piezoelectric ceramic 
units) and acoustic window material (not shown). Each group of piezoelectric ceramic 
units 502 has a different dimension and a different distance of separation from each other. 
The frequency response of these four groups of piezoelectric ceramic units add up together 
to produce a wide bandwidth overall frequency response. The acoustic plastic compound 
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is used as the material in an injection-molding operation for joining the four groups of 
piezoelectric ceramic units 502 together. 

[0020] The number of groups of piezoelectric ceramic units 502 assembled to form 

an electroacoustic transducer depends on the frequency bandwidth and frequency range of 
5 the operation. In general, piezoelectric ceramic units with a larger dimension are used if a 
low frequency range is required (such as the piezoelectric ceramic units CI in Fig. 5). As 
the desired frequency range increases, piezoelectric ceramic units with a smaller dimension 
t. are used (such as the piezoelectric ceramic units C3, C4 in Fig. 5). For hollow cylindrical 
S piezoelectric ceramic unit 502 having different radius, length and distance of separation of 
1 10 each unit must be carefully matched. Typically, the longer the ceramic unit, the stronger 
1 will be the transmitting strength. By adjusting the distance of separation between 
H ! different ceramic units, various piezoelectric ceramic units 502 may be triggered in phase 
£ altogether. In addition, the greater the number of piezoelectric ceramic units used, the 
F? smoother will be the frequency response of the underwater wide-band electroacoustic 
15 transducer 500. 

[002 1 ] The acoustic window material is a type of PU plastic having an acoustic 

property pc very close to water. To package the transducer, the assembled underwater 
wide-band electroacoustic transducer 500 is placed inside a mold (not shown). The mold 
is put inside a baking oven (not shown) and pre-heated to a temperature slightly higher 
20 than the injection temperature of the PU plastic. Before PU plastic injection, the mold is 
taken out from the baking oven into a vacuum chamber. After air is evacuated inside the 
vacuum chamber, PU plastic is injected into the mold. Thereafter, the entire mold 
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together with the underwater wide-band electroacoustic transducer 500 inside is transferred 
to the baking oven for aging. This type of PU plastic injection is able to avoid any 
damage to the piezoelectric ceramic units due to the application of pressure to compress 
the rubber in a conventional assembly process. 
5 [0022] An electroacoustic transducer having a single group of piezoelectric 

ceramic units has the highest transmitting response at the resonance frequency while the 
response below the resonance frequency drops at 12db/octave towards the low frequency 
□ range. Similarly, response above the resonance frequency also drops. According to 
t acoustic field theory, overall frequency response of an electroacoustic transducer array is 
fi 10 the result of acoustic transmitting from various groups at a free far field region. Hence, 

when several groups piezoelectric ceramic units each having a different dimension are 
1 1 assembled to form the electroacoustic transducer, several groups of resonance frequency 
are produced. Ultimately, a wide bandwidth frequency response is created. 
[0023] The transmitting response of an electroacoustic transducer may be 

15 computed from the following formula: 

TVR = 1 0 log G P + 1 0 log t] + DI + 1 lO.SdB // jjPa IV@\m 
where TVR is the transmitting response, G P is the parallel conductance of the 
electroacoustic transducer, 77 is the efficiency of the electroacoustic transducer, DI is a 
directionality index, and the value of G P , 77 and DI are obtained from an equivalent circuit 
20 of the electroacoustic transducer through multiplication and addition theory. 

[0024] To conduct a simulation of the proposed electroacoustic transducer, product 

specifications of common piezoelectric ceramic unit manufacturers are used. Four groups 
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of piezoelectric ceramic units each having a different dimension are selected. Each group 
uses two piezoelectric ceramic units coupled together to form even terminal. Fig. 5 is a 
schematic diagram showing the side view of an underwater wide-band electroacoustic 
transducer according to this invention. Fig. 6 is a graph showing the simulated 
5 transmitting response of an electroacoustic transducer having four groups of piezoelectric 
ceramic units. In Fig. 6, simulation result from a frequency of 5kHz to 200kHz is shown. 
[0025] If the group C2 in the four groups of piezoelectric ceramic units is removed 

Q (refer to Fig. 5) so that the remaining groups CI, C3 and C4 are still coupled in parallel, 

O 

\f the results of transmitting response simulation is shown in Fig. 7. As shown in Fig. 7, the 
~~t; 10 removal of one group of piezoelectric ceramic units from the transducer results in a drop in 
transmitting response at the low frequency range. However, the variation of transmitting 
hj response is due to the closeness of resonance frequency between the group of ceramic units 
(it C2 and the group of ceramic units C3 while a portion of the frequency response produces 
H destructive interference. 

15 [0026] If the length of the C4 group of piezoelectric ceramic unit is reduced by half 

and joined in parallel to the CI and the C2 group of piezoelectric ceramic units to form a 
three group assembly, an transmitting response simulation of the assembly is shown in Fig. 
8. Compared with the frequency response graph in Fig. 7, the reduction of the length of 
the C4 group of piezoelectric ceramic units by half leads to a drop of the transmitting 
20 response at the high frequency range and produces a droop in the mid-portion of the 
frequency response curve. 
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[0027] The semi-finished electroacoustic transducer having four groups of 

piezoelectric ceramic units therein is placed inside a set of mold. The mold is preheated 
inside a baking oven. Thereafter, the mold is put inside a vacuum chamber where air is 
evacuated. Special PU plastic is injected into the mold and then transferred to the baking 
oven for aging. Fig. 9 is a graph showing the actual transmitting response obtained by 
testing an electroacoustic transducer having four-group piezoelectric ceramic units and 
fabricated according to this invention. As shown in Fig. 9, the transmitting response is 
relatively stable and smooth. 

[0028] In this invention, several groups piezoelectric ceramic units are joined 

together to form an electroacoustic transducer. By selecting suitable dimension for the 
piezoelectric ceramic units and appropriate distance of separation between neighboring 
units, frequency response of the transducer can be adjusted. Ultimately, an 
electroacoustic transducer having a wide operating bandwidth is produced. This type of 
electroacoustic transducer, aside from serving as a wide bandwidth acoustic source, may 
also serve as a source of wide bandwidth noise for underwater electronic signal. 
[0029] In conclusion, this invention uses several groups of piezoelectric ceramic 

units to produce an electroacoustic transducer capable of operating within a wide 
frequency range. Another advantage of this invention is the assemblage of various 
piezoelectric ceramic units together to form the electroacoustic transducer by injecting an 
acoustic plastic compound into a mold. In so doing, a flat and stable transmitting 
response is obtained and damages to the piezoelectric ceramic units due to a pressure 
assembly process are greatly minimized. 
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[0030] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing from the 
scope or spirit of the invention. In view of the foregoing, it is intended that the present 
invention cover modifications and variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 
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